With paucity of resources and competitive challenges, the need for efficient utilization of available quantum of resources by the sectors of the economy including health is being emphasized. Efficiency of resource utilization tends to focus more on hospital operations, since they account for the bulk resources in the health sector. The objective of this study were (a) to estimate the relative technical and scale efficiency of hospitals in Ibadan in Oyo State, based on data for 2010-2012, and (b) to estimate the magnitudes of input reductions and/or output increases that would have been required to make relatively inefficient hospitals more efficient.
Introduction
Globally, there has been an increasing pressure on healthcare system to improve performance by controlling healthcare costs without compromising the quality of the provided services. While this has become particularly so, following the outbreak of the recent global economic crisis, in the case of Nigeria, the recent free fall of global oil prices, has specifically led to tightening of public budgets that have also affected healthcare. For a country that depends on oil proceeds as main revenue source, the drastic fall in oil prices in the last three to four years has put the Nigerian government, and most especially her component states under pressure. Nigeria as a federation, in addition to federal government, is composed of 36 states and 774 local government areas sub-units that shares revenue from oil-revenue-dependent joint federation account. Prior to the current oil glut experience, the relative adequacy of resources available to governments and the strong purchasing power of consumers appears to have beclouded the need for efficient use of resources by public agencies, and the push for value for money by consumers from private establishments. Consequent on the dwindling federal allocations, in the last one year, many of the states in the country, including Oyo State have been defaulting in payment of workers' salaries, and slowed down the social and infrastructural facilities development, which has negatively affected the purchasing power of households. Thus the major current challenges of state governments in the country are tightening budget and increasing pressures on the efficiency of public spending. One of the major concerns of mainstream economic theory is the efficient use of scarce resources, and efficiency measurement is a useful tool for making choices between alternatives. With the little available resources, demand for efficient use of resources has become more apt than ever before in all sectors and health is no exception. Healthcare industry is no exception to the many industries facing new challenges created by global competition. The challenge of reconciling growing demand for healthcare services with available funds is increasingly faced by decision makers. In setting priority, economists are of the opinion that the achievement of (greater) efficiency from scarce resources should be a key condition. Health outcomes gained from the resources allocated to healthcare are maximized when the criterion of economic efficiency is adopted by the society. To enhance efficient use of scarce resources, cost-containment measures are increasingly being adopted. With the importance of healthcare costs issue, healthcare research has commonly applied cost improvement or cost containment as a performance measure.
As an important component of health sector and accounting for the bulk of the sector's resources, hospitals are under increasing pressure to improve their performance and a variety of approaches have been used to assess performance in the healthcare management literature. The indicators of relative efficiency are necessary to gauge the possible success of cost-containment efforts in hospitals. Likewise, the private health sector is increasingly being confronted with the urge to get value for money by consumers. Thus the need to design methods to evaluate hospital performance is increasingly being given prominence in the face of resource constraints. Ranking efficient hospitals against their inefficient counterparts constitutes a benchmark for policy makers to discover and reduce potential inefficiencies, as well as identify measures to be adopted to compensate efficient hospital managers.
The healthcare system in Nigeria is operated by both public and private facilities, and composed of three tiers of care at primary, secondary, and tertiary levels. Though the country's healthcare system is dominated by primary facilities in terms of number, the bulk of resource usage and patients' attendant in the sector is accounted for by hospitals. While there are more private hospitals than public hospitals, the latter is on the average larger in capacity, being several folds the size of average private hospital. Nigerian hospitals (the dominant part of curative care) absorb the greatest proportion of the total health expenditure (THE), which is estimated at 75 -81% of THE [1] 
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Concept of Efficiency
Efficiency has been generally defined as the allocation of scarce resources that maximizes the achievement of aims [2] . Efficiency analysis of a production or service unit refers to the comparison between the outputs and inputs used in the process of producing a product or services. According to [3] , efficiency relates to how best a firm utilizes the resources (inputs) to produce the desired products or services (outputs), which is indicative of the success of the firm. Efficiency is defined as success in producing as large as possible an output from a given set of inputs [4] . Generally, efficiency measures whether resources are being used to get the best value for money.
The conceptual discussion of measuring efficiency is attributed to [5, 6] , while empirical measure of efficiency was pioneered by [4] , who according to [7] classified efficiency into the two components of technical efficiency (TE) and allocative efficiencies (AE), both of which constitute the components of economic efficiency. A firm is technically efficient if it is impossible to produce more of an output without producing less of some other outputs or using more of some inputs [6] . The ability to avoid waste, either by producing as much output as technology and input usage allow or by using as little input as required by technology and output production is the focus of technical efficiency. By implication, there can be an output augmenting orientation or an input conserving orientation dimension to the analysis of technical efficiency. Technically inefficient producer could use the same inputs to produce more of at least one output, or could produce the same outputs with less of at least one input. TE reveals the ability of firms to employ the 'best practice' in an industry, such that no more than a given level of output can be produced using the minimum level of input.
On the other hand, AE refers to the optimal combination of inputs and outputs at a given price. The ability to combine inputs and/or outputs in optimal proportions in light of prevailing prices is the focus of allocative efficiency. Optimal proportions satisfy the first-order conditions for the optimization problem assigned to the production unit. Allocation of resources is considered efficient when the output from the last unit of resources is the same for different Decision Making Units (DMUs).
In the health context, efficiency is concerned with the relation between resource inputs (labour, capital, material, or equipment) and health outcomes (e.g. numbers of patients treated, lives saved). Existence of inefficiency is indicated by possible reallocation of resources in a manner that results in increase in health outcomes produced. Technical efficiency of hospital or health facility refers to the physical relation between health resources (capital, labour, and materials) and health outcome.
Measurement of Efficiency 3
While various approaches to measuring efficiency is prescribed in the literature, the difference between them lies in the assumptions made on the frontier functional form, extent to which random error is accounted for, and the probability distribution assumed for the inefficiencies in the presence of random error [8] . Zainal and Ismail [3] identified two approaches to measuring efficiency as parametric or non-parametric approaches.
Parametric approach
Parametric approach presumes an explicit functional form to estimate the frontier of either cost or profit functions. When estimating the efficient frontier, the approach accounts for random disturbance along with inefficiency residuals [9] . Parametric approach comes in three major frontier techniques, which are stochastic frontier approach (SFA), distribution-free approach (DFA) and thick frontier approach (TFA). SFA, which was developed by [10] and also known as econometric frontier approach. It specifies a functional form for the cost, profit, or production relationship among inputs, outputs, and environmental factors, and allows for random error [8] . It incorporates both the stochastic and inefficient terms, with the formal having a distributional assumption depicted by two-sided normal distribution, while the distribution of the latter is one-sided.
Berger [11] , in response to the criticisms of SFA developed the DFA, which also specifies a functional form for the frontier, but separates the inefficiencies in a different way, with the assumption that the efficiency of each firm is stable and does not change over time. With studies like [12, 13, 14] applying the technique, no specific type of distribution of the inefficiency term is set. Proposed by [8] , TFA involves the estimation of the cost function of firms in the lowest average cost quartile of the industry (thick-frontier), and compares it with the highest average cost quartile of the industry [9] . It then decomposes the deviations into random noise and inefficiency residual. The random error is assumed to be represented by the deviation from the predicted costs of each quartile, while inefficiencies are denoted by the differences between the lowest and the highest average cost quartiles. TFA does not enforce any distributional assumptions on inefficiency as well as random error, and does not provide exact estimates of efficiency for individual firms [8] . However, TFA constitutes the least popular of the parameter techniques, with limited application by studies such as [15, 16] . Generally, the imposition of a specific functional frontier form, which could be subject to mis-specification constitute the main drawback of parameter approach.
Non-parametric approach
Devoid of specific functional form and random disturbance/error, the non-parametric, also referred to as linear programming approach, estimates the best practice frontier/firms, against which relative efficiency of other firms is used to identify the less efficient firms. Since each firm's data cannot lie above the estimated maximum production or fall below the minimum cost function, the inefficiency residuals are obtained as strictly one-sided deviation from the frontier data, being negative for output-oriented model, and positive for inputoriented model [8] . The two techniques under nonparametric approach are data envelopment analysis (DEA) and free disposal hull (FDH) approaches.
Developed by [17] , DEA constitute a reformulation of Farrell's idea into mathematical problem. It is defined as "a linear programming technique where the set of best-practice or frontier observations are those which no other decision making unit or linear combination of units has as much or more of every output (given inputs) or as little or less of every input (given outputs)" [8] . The DEA basic concept is that the efficiency of each member of a set of DMU, in a field, is evaluated against its own performance and that of each of the other members of the field. An efficiency frontier is formed by the efficient DMUs in the combination of all dimensions, while the less efficient DMUs are described by a number indicative of their distance from the frontier.
Given the nature of the DEA technique, assumptions about the functional form of the production function are not necessary, while only information about quantities is required. Because of the homogeneity requirements it is often acknowledged that the most difficult thing is to compare efficiency level among and across the hospitals.
DEA frontier is shaped as the piecewise linear combinations that join the set of these best practice observations, ceding a convex production possibilities set [3] . According to [8] , DEA computes a ratio of outputs to inputs for each decision making unit (DMU) and the result is reported as the relative efficiency score which ranges between zero and one or 0 and 100 percent. Major positive attribute of DEA includes non-requirement of explicit specification of the form of the underlying production relationship [8] ; non-requirement of information about the process or relationship between the inputs and output [18] , and ability to create prospective improvements for inefficient units and identify the units for benchmarking [10] . Examples of new studies using DEA approach can be found in [19, 20, 21, 22] .
According to [9] , FDH, which does not take into account the convexity assumption, was introduced by [23] . FDH production possibilities set is composed of only the DEA vertices and the free disposal hull points interior to these vertices [3] . FDH considers the variation of efficiency over time and makes no assumption as to the type of the distribution of the inefficiency component, and thus the measured distance between the estimated observation and the frontier is wholly considered as inefficiency [9] . Among the few application of the technique include [24] and [25] . DEA and SFA are the most prominent techniques in the literature, with the former being more prominent.
Methods
Theoretical Underpinning and Assumptions of DEA
To avoid hospital production function misspecification problem, this paper applies the DEA technique. The underlining concept of DEA is based on Pareto Optimality [26] . Decision making units (DMUs) which can produce at least the same amount of all outputs with less of one input and not more of any other input are taken to be inefficient [27] . Each health care facility is considered as a DMU. DEA employs linear programming techniques to measure efficiency as the distance of each firm from a nonparametric production frontier constructed from convex combinations of observed input-output combinations. It involves construction of a piece wise linear-segmented efficiency frontier based on best practice. The underlining assumptions of DEA include: All actual observed inputs and outputs of any health care facility are feasible for all HCFs. All linear combinations of observed inputs and outputs are feasible. Free disposal of inputs and outputs is assumed.
The DEA measure of efficiency can be presented either as an Input-Oriented Model or OutputOriented Model. While the former centres on how much input(s) could be proportionally reduced to reach the frontier, keeping output constant, the latter focus on how much output could proportionally be expanded to reach the frontier, keeping input constant. The mathematical modelling of DEA can either be Charnes, Cooper and Rhodes (CCR), or Banker, Charnes and Cooper (BCC). CCR assumes constant return to scale (CRS), with restrictive assumption on technology, while BCC assumes a variable return to Scale (VRS), with less restrictive assumption on technology.
DEA Model Specification
This study employs both the CCR and BCC inputoriented models on 52 secondary hospital DMUs with each DMU having s outputs and m inputs (where s = 3 and m = 3). Fundamentally the extent of the homogeneity of the hospitals included in the study has implication on the results. In the absence of information about case-mix, case severity, and quality of health care, there is no means a complete representation of hospital operation can be made, bearing in mind that dissimilar cases have dissimilar resource implications. The consequence of this step is that while measuring efficiency and productivity, hospitals are not penalised for using more resources due to treatment of more severe or complicated cases. However, this requires high levels of statistical information, which were not available and hence, we selected this model specification which is consistent with the literature in terms of the selection of inputs and proxy outputs [28] . Generally, output of hospitals is difficult to capture in discrete countable units, because it is multiple and heterogeneous. DEA analysis requires the homogeneity of inputs and outputs across DMUs; however, the mix of skilled and unskilled workers do often vary significantly across hospitals, and similarly the characteristics of physical capital. This is often addressed in the literature by concentrating on the set of inputs and outputs that are common to the decision making units, to promote some degree of homogeneity among the hospital.
The operations of hospitals can be represented by means of input-output models in which quantities of inputs are used to generate outputs in the form of healthcare services. This study imposes the strong as homogeneous. The production process utilises medical sumption that capital and labour are material, labour resources, such as doctors and nurses, and capital resources, such as buildings and technologies, approximated in the number of beds.
Analogous to the variables used in similar studies we specified as labour inputs the number of physicians and the number of nurses, and the number of beds, which is assumed to be a proxy measure of capital content. In order to increase the homogeneity of outputs, the number of inpatient discharges, the number of outpatient visits, and the number of maternal and child care services, which common to all hospitals are included. This study is therefore limited to analysis of the efficiency of the secondary hospitals. These sets of inputs and output serve as homogeneity platform for the study. For the DMU0, the model is specified as: The overall technical efficiency of a health DMU can be broken down into pure technical efficiency and scale efficiency. Pure technical efficiency denotes health decision making unit technical efficiency that cannot be attributed to deviations from optimal scale, while scale efficiency is a measure of the extent to which a health decision making unit deviates from optimal scale. The technical efficiency scores obtained from the CRS DEA was decomposed into two components, one due to scale inefficiency and the other due to pure technical inefficiency. If there is a difference in the technical efficiency scores obtain from both a CRS and a VRS DEA for a particular DMU, this gives an indication that the DMU has scale inefficiency. The scale efficiency is equal to the ratio of the CRS technical efficiency score to the pure technical efficiency score. Moreover, scale efficiency value does not give indication to whether the DMU is operating in an area of increasing or decreasing returns to scale. To determine this, an additional DEA problem is run with non-increasing returns to scale (NIRS) condition imposed. This is done by altering the DEA model in equation (1) to provide:
Comparison is made between NIRS TE score and the VRS TE score to determine the nature of the scale inefficiencies (i.e. due to increasing or decreasing returns to scale) for a particular DMU. If the scores are equal, then decreasing returns to scale apply and if the scores are unequal, then increasing returns to scale exist for that DMU. (Table 1) . 4 The three public hospitals are owned by state government in the city of Ibadan. The only public hospital owned by the federal government, excluded from this study is of tertiary level status. The yearly total number of staffed beds (beds that are licensed and physically available for which staff is on hand to attend to patients who occupies the beds) during January 2010 to December 2012
Output Variables Operating Definitions
Number of Inpatients The yearly total number of patients receiving inpatient treatment services during January 2010 and December 2012, excluding patients' antenatal related services.
Number of Outpatients
The yearly total number of outpatient visit to HCF during January 2010 to December 2011, excluding patients' antenatal related services.
Number of Maternal and Child care
The yearly total number of patients receiving antenatal, postnatal and child immunization treatment services during January 2010 and December 2012
The technical efficiency score was computed using the DEA programme, version 2.1 (DEAP 2.1) designed by [29] . The variable returns to scale (VRS) input-oriented model was used in this study since the decision to or not to use HCF services is at the discretion of the patient (consumer). The decision, therefore, is an exogenous factor that may not be controllable by HCF managers. Moreover, it is thought that since most HCFs aim is to achieve a higher level of services for the patients through the use of fewer scarce resources, the BCC inputoriented model is most appropriate for this study.
Results
This study utilizes three measures for each of the input and output variables. Though DEA allows for engagement of zero quantity of an input or output by any of the DMUs, the health facilities included in the study are characterized by positive quantities of the three inputs and output variables. As shown in Table 2 ). It should be noted that inpatient services provided to mother and child within the natal period, are excluded from the inpatient output counts for the facilities. Though in the short run, HCFs may operate with increasing returns to scale (IRS) or decreasing returns to scale (DRS), HCFs must shift towards constant returns to scale (CRS) to be efficient in order to achieve the desired increase in efficiency of health service delivery in Ibadan in the long run. The required output increase and input reduction for each inefficient HCFs to be efficient during the period of study is reported in Appendix B. These figures are estimations from the input slacks and output target under the VRS specification. The inputs slack is the amount of excess number of inputs used in the outputs production. In other words, the output levels realized could still have been realized if the number of inputs in the production had been reduced by input slacks. 
Discussions
As expected, the labour mix reflect the standard relative composition by the physician and nursing staff. Across the health facilities, more number of nurses are combined with fewer number of physicians. Since it takes relatively longer time to attend to inpatients, compared to outpatients, the number of outpatients treated is generally greater among the health facilities covered in the study. For the maternal and child health, it should be noted that the healthcare services rendered may or may not require admission of patients overnight in the hospital, thus the number of this category of patients is relatively higher than inpatients, and lower than outpatients visit.
The reported technical efficiency scores for HCFs covered in this study generally indicate that the hospitals are not utilizing their production resources efficiently, meaning they are not annexing maximal output from their given quantum of inputs. In other words, technical efficiency of the hospitals can be increased by 27.2%, 31.8% and 34.9% in 2010, 2011 and 2012, respectively through better use of available production resources (inputs), given the current state of technology. The pure technical efficiency findings imply that if run efficiently, the inefficient hospitals could, on average, have produced their current levels of output with 27.2%, 31.8% and 34.9% less inputs (number of physicians, number of nurses and number of beds, respectively) than they were currently using. However, it would have been more ideal to further investigate the relative quality of services provided by these hospitals. The average pure technical efficiency scores are comparable to those estimated in other health facilities efficiency studies in Africa. The obtained result of only 4 HCFs exhibiting overall technical and scale efficiency can be adduced to the fact that HCFs have little or no influence on the demand for their outputs. Thus the reflected inefficiency for many HCFs in some year(s) may not be born out lack of preparedness to service patients but as a result of underutilization due to drop in demand for one or the other healthcare service outputs. The existence of large scale inefficiencies among the HFCs is indicative of the fact that many of the facilities are not operating optimally. With majority of the HCFs having scale efficiency between 0.1 and 0.90, there are indications that majority of the facilities are not scale efficient. With average scale efficiency between 40% and 73%, it means that on the average, the size of the scale inefficient hospitals could be reduced by between 60% and 23%, while their current output level remains unaffected. Based on the reported scale efficiency score, we can infer that increasing the quantity of all HCFs inputs by a certain proportion is expected to result in the following outcomes:
 Constant returns to scale in 4 (7.69%) HCFs meaning increasing their input by certain proportion, their health service outputs would increase by the same proportion. These are HCFs that were operating at their most productive scale sizes.  Increasing returns to scale in 44 (84.62%) HCFs mean that their health service outputs would increase by a greater proportion relative to proportional increase in inputs. Required of these HCFs is the need to increase their size to achieve optimal scale, i.e. the scale at which there is constant returns to scale in the relationship between inputs and outputs.  Decreasing returns to scale in average of 4(7.29%) HCFs imply that their health service outputs would increase by a smaller proportion relative to proportional increase in inputs. These HCFs would need to reduce their size to achieve optimal scale.
On the whole majority of HCFs are within the increasing returns to scale region which implies existence of inherent capacity for expansion of operation by the HCFs. One health policy decision tool to address inefficient resource use by majority of the HCFs is by increasing coverage of health services. Though, cutting back on the available inputs is another way out, it may not be optimal choice in an environment where health care demand of the population is currently being inadequately met. Also crucial is the reported nature of scale with which the sampled HCFs operated, because in addition to obtaining the number of efficient HCFs, degree of inefficiency and optimal scale of operation, it is vital to determine how many HCFs are operating under increasing returns to scale (IRS), decreasing returns to scale (DRS) or constant returns to scale (CRS). Using DEA, every HCF was evaluated, given its size level to determine its scale measures. This type of analysis is, according to [38] , relevant for each firm in determining the implications for expansion.
Among the HCFs that demonstrated constant returns to scale (CRS), the doubling of health system inputs potentially leads to a doubling of health service outputs. In other words, the size of these HCFs did not affect productivity. The average and marginal productivity of these HCFs remained constant whether the HCF is small or large. They were operating at their most productive scale. Given that majority of the HFCs operate within the scope of increasing returning to scale, health care services production scale of these HCFs could increase by more than double should there be a doubling of their health inputs, as they operate at the region below optimum. This may have arisen because the larger scale of a particular operation allowed health managers and workers to specialize in their tasks and make use of more sophisticated health technologies. Thus HCFs manifesting IRS ought to expand their scale of operation in order to become scale efficient. With respect to HCFs that experienced decreasing returns to scale (DRS) or supra-optimal scale it can be inferred that HCFs will experience less than double in their health output, should the health inputs be doubled, which may be associated with the problems of coordinating tasks and maintaining lines of communication between management and workers. However, resources can be saved by cutting back on health service delivery. Thus HCFs experiencing DRS need to reduce their scale of operation in order to operate at the most productive scale size.
The findings on the average scale efficiency score suggest that the HCFs are operating in less than optimal scale size. That majority of the HCFs were operating under IRS in the years under study suggests that HCFs in general were scale inefficient, since scale inefficiency is usually due to the presence of either IRS or DRS. The differences in size or scale of operation of hospitals often account or explain the efficiency variation in hospital activities. The size of a hospital affects its efficiency, since large hospitals are often more efficient than small ones because they can gain from economies of scale. Such size or scale of operation advantage often allow hospitals to spread administrative and management cost, as well as enjoy bulk purchasing discount. As observed in this study's descriptive statistics, the collection of hospitals covered in the study exhibit varying scale of operation, depending on their size. However, there exist an optimal large size of a hospital, beyond which it suffers diseconomies of scale. The size support for efficiency of operation is limited to a certain level prior to the setting in of diseconomies of scale. Thus scale efficiency among the HCFs can be increased by operating in optimal scale size, given the current state of technology. Given the technical and political feasibility, this can be achieved through the expansion of the size of the HCFs, since majority operates at IRS level. This would enable the HCFs operate in optimal scale size, and hence increase their hospital productivity and profitability. This result is also in consonance with that of [39] who found that nearly half of the DMUs studied were operating at less than optimal scale size. These average scale efficiency scores were within the range of that obtained for Benin (41.9%). However, the average scale efficiency scores for Ibadan, were lower than those obtained for Angola (81-89%), Ghana (81%), Namibia (73. 
Conclusion
For both health policy makers and health managers, the estimation of hospital efficiency has become a major concern. To assess hospital performance at the aggregate level and to inform policy decisions, there has been an increasing use of DEA method in the computation of efficiency scores. In this study DEA was applied to a mixed size 52 secondary hospitals in Ibadan, operating within the framework of both the public and private system. The scope of the analysis was to assess the technical efficiency and scale efficiency. The hospital operations were represented by means of an input-output model whereby each hospital uses quantities of inputs to generate outputs in the form of services. Specifically, hospitals were considered to transform labour (physicians and nurses) and capital (approximated by the number of beds) into services, which were assumed to be approximated by the number of inpatient discharges, outpatient visits, and maternal and child care. Unlike in health care system where products are multiple and heterogeneous, DEA works better when the product is homogeneous and uni-dimensional. Despite the difficulties in conceptualising hospitals in terms of an input-output model, the DEA methodology is useful in benchmarking intra-hospital best practices and correction of inefficiencies. The obtained result can be used to improve the performance of inefficient hospitals and thus increase overall hospital efficiency.
The existence of inefficiency resource slack among some of the HCFs is a pointer to the fact the available resources can be better utilized to positively impact the health of the population than applied in those years. Actions towards improving access and utilization of under-utilized inpatient, outpatient, and maternal and child care services by relevant health care sector policy-makers can be directed at HCFs with the same level of inputs. Within the public HCFs setting, attempt could be made to transfer excess facility inputs to areas with apparent shortage to boost health care service provision and access, such as the primary health centers. Also policy measures geared towards removing access constraints can go a long way in increasing utilization of health facilities, thus increasing facilities' outputs with existing inputs. By making the inefficient HCFs to be efficient, resources wastage can be reversed.
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